Abstract. After several years of low West Nile virus (WNV) occurrence in the United States of America (USA), 2012 witnessed large outbreaks in several parts of the country. In order to understand the outbreak dynamics, spatial clustering and landscape, demographic and climatic associations with WNV occurrence were investigated at a regional level in the USA. Previous research has demonstrated that there are a handful of prominent WNV mosquito vectors with varying ecological requirements responsible for WNV transmission in the USA. Published range maps of these important vectors were georeferenced and used to define eight functional ecological regions in the coterminous USA. The number of human WNV cases and human populations by county were attained in order to calculate a WNV rate for each county in 2012. Additionally, a binary value (high/low) was calculated for each county based on whether the county WNV rate was above or below the rate for the region it fell in. Global Moran's I and Anselin Local Moran's I statistics of spatial association were used per region to examine and visualize clustering of the WNV rate and the high/low rating. Spatial data on landscape, demographic and climatic variables were compiled and derived from a variety of sources and then investigated in relation to human WNV using both Spearman rho correlation coefficients and Poisson regression models. Findings demonstrated significant spatial clustering of WNV and substantial inter-regional differences in relationships between WNV occurrence and landscape, demographic and climatically related variables. The regional associations were consistent with the ecologies of the dominant vectors for those regions. The large outbreak in the Southeast region was preceded by higher than normal winter and spring precipitation followed by dry and hot conditions in the summer.
Introduction
Vector-borne diseases continue to emerge in new areas as serious public health concerns as has been witnessed by the recent outbreak of Chikungunya virus in the Caribbean region and the spread of West Nile virus (WNV) in North America over the last 15 years. WNV was introduced to the United States of America (USA) in the late 1990s and by 2004 had spread across most of the coterminous USA. WNV is an arbovirus maintained primarily in a bird-mosquito-bird transmission cycle with larger mammals, such as humans, being considered incidental, or dead-end hosts as they do not sufficiently amplify the virus for further transmission (Gould and Fikrig, 2004) . Although the virus has been detected in up to 65 different mosquito species (Peterson et al., 2013) , a much smaller number of mosquito species are considered the primary vectors responsible for transmission to humans. The distributions of these vectors vary across the country due to biotic and abiotic requirements of the species. From 2001 From -2004 , Culex pipiens, Culex restuans, Culex salinarius, Culex quinquefasciatus and Culex tarsalis were in the top three infected mosquitoes in at least one year in the USA (Hayes et al., 2005) . Studies from Northeast and Great Lakes regions of the USA have often implicated Cx. pipiens and Cx. restuans as crucial vectors (Andreadis et al., 2004; Ruiz et al., 2010) . In the southeastern portion of the USA, Cx. quinquefasciatus (Gibbs et al., 2006) and Culex nigripalpus (Ezenwa et al., 2006) are considered to be the primary WNV vectors. In states west of the Mississippi, Cx. tarsalis has been shown to be the prominent WNV vector (Reisen et al., 2004; Bell et al., 2006) . In addition to Cx. tarsalis, Cx. quinquefasciatus plays an important role in WNV transmission in the southwest USA . The risk of WNV transmission to humans generally is greatest from mid to late summer in much of the coterminous USA (Petersen et al., 2013) .
Annual WNV occurrence has varied spatially since its introduction in 1999. After large outbreaks in 2002, 2003 and 2006 , there were relatively few WNV cases from 2007 to 2011. there were 720, 1,021 and 712 cases annually in the USA, while in 2012 there were 5,674 cases with 2,734 of the more severe neuroinvasive variety (CDC, 2014) . The 2012 outbreak emphasised the fact that there is still considerable uncertainty in regards to the spatial and temporal occurrence of WNV and in the identification of ecological factors controlling vector-borne disease incidence in general (Petersen and Fischer, 2012) .
The influence of landscape, demographic and climate factors in relation to infectious disease in general, and WNV specifically, has been recognised (Epstein and Defilippo, 2001; Kuhn et al., 2005; DeGroote et al., 2012) . In the USA, there have been numerous national (Landesman et al., 2007; Soverow et al., 2009) , state/regional (Day and Shaman, 2008; DeGroote et al., 2008; Wimeberly et al., 2008; Liu et al., 2009) , and local Nielsen et al., 2008; Ghosh and Guha, 2010) studies that have investigated or discussed the relationships between WNV infections and at least one landscape, demographic or climatic-related variable. However, to date there have been a lack of studies comprehensively examining regional patterns of WNV occurrence in relation to a range of landscape, demographic and climatically related variables based on ranges of WNV mosquito vector species in the coterminous USA.
The relationships between human WNV occurrence and climatically related variables has varied based on the scale and geographical area of the study. In the USA, warmer temperatures, elevated humidity and heavy precipitation in the weeks preceding infection were associated with the rate of WNV infection (Soverow et al., 2009) . It was found that human WNV occurrence was associated with above-average precipitation in the preceding year in the eastern USA and below-average precipitation in the western USA (Landesman et al., 2007) . In Florida, Day and Shaman (2008) discussed the idea that a sequence of drought and wetting may provide optimal conditions for WNV outbreaks. In Iowa, inconsistent inter-annual climatic relationships were found in relation to WNV incidence (DeGroote et al., 2008) . In the Great Plains region, it was suggested that a May-July precipitation of approximately 200 mm reflects optimum conditions for WNV amplification (Wimberly et al., 2008) . In Mississippi, an inverse relationship between countylevel WNV risk and total annual rainfall during the previous year was demonstrated (Wang et al., 2010) . In a long term study of WNV in South Africa, summer precipitation and change in summer precipitation from previous to current summer were strongly associated with WNV human outbreaks (Uejio et al., 2012) . Around Davis, California, warm nightly temperatures and positive WNV Cx. pipiens mosquito pools indicated high risk for human WNV incidence (Nielsen et al., 2008) . In the Chicago, Illinois area cumulative high temperature differences were a key factor for distinguishing years with higher mosquito infection and higher human illness rates (Ruiz et al., 2010) .
Studies at state, regional or national level have demonstrated varying landscape and demographic associations with WNV incidence. For example, in Connecticut population density was positively associated with WNV occurrence (Liu et al., 2009 ), while in Iowa there was a negative association (DeGroote et al., 2008) . Specific landscape conditions have been identified as being important in certain locations, including age of housing in Chicago (Ruiz et al., 2004) and orchards in the northwest (Crowder et al., 2013) . Generally, the authors of many of these studies conclude that spatial associations between the occurrence of WNV and some landscape, demographic or climatic conditions logically matched the ecologies of the dominant vector(s) of that area.
There have been several studies that have examined WNV occurrence nationally, either by investigating data from all counties or certain counties from throughout the coterminous USA. Tackett et al. (2006) investigated association between WNV fatality rates and demographic and climatic variables from 13 states spread throughout the USA, finding that poverty rates and average temperature were related to probability of a fatal outcome. Gates and Boston (2009) found strong associations between irrigated land and WNV incidence using a sample of 92% of counties in the coterminous USA. These studies gave no consideration to how these associations might vary regionally. Landesman et al. (2007) demonstrated differing relationships in the eastern USA as compared to the western USA, using the Mississippi River to divide the country, between precipitation and human WNV incidence. While that study usefully identified broad regional differences, the authors pointed out it should be expected that transmission dynamics will vary between finer geographical regions. Two more recent studies have utilised a regional framework to examine nationwide WNV incidence (Bowden et al., 2011; DeGroote and Sugumaran, 2012) in relation to landscape conditions with both studies showing regionally varying associations.
There have been few studies which have investigated climatic, landscape and demographic variables regionally based on potential vector distributions for the coterminous USA (DeGroote and Sugumaran, 2012) and no studies that have done so for the outbreak of 2012. This study attempts to provide insight into the drivers of large outbreaks of WNV incidence regionally in the USA in 2012 that came as a bit of a surprise after numerous years of low WNV occurrence. In addition, this study builds on the results of DeGroote and Sugumaran (2012) by including climatic variables in addition to the landscape and demographic variables and provides insight into the large outbreaks of 2012.
Materials and methods

Region definition
The methodology for defining functional ecological regions follows from that described in DeGroote and Sugumaran (2012) . In that study, six regions were defined based on species distribution maps for Cx. nigripalpus, Cx. quinquefasciatus, Cx. pipiens, Cx. restuans and Cx. tarsalis (Darsie and Ward, 2005) and prominent geographical features. These species were selected as they were considered to be the most prominent vectors based on the literature. (Fig. 1) . This was done as these regions were very large and encompassed fairly different land use patterns.
West Nile virus cases
Human WNV disease cases were attained from the Centers for Disease Control and Prevention (CDC) through the United States Geological Survey Disease Maps website (USGS, 2012) for the year 2012. This web mapping application displays the cumulative number of WNV cases annually by county in map and tabular form. A total number of cases of 4,986 were digitised from this website in the second week of December 2012. The annual total number of cases per county was joined to county boundary spatial data (United States Department of Interior, 2013). Annual population estimates for each county were attained from the US Census Bureau (2013). The WNV rate for 2012 for each county in the coterminous USA was calculated by dividing the number of WNV cases in 2012 by the population of the county. For each of the eight regions in the coterminous USA, a regional 2012 rate was calculated by dividing the total number of cases in 2012 in each region by the total population of that region. Subsequently, for each county, a binary value of zero (lower than regional 2012 rate) or one (higher than regional 2012 rate) was assigned after comparing the county WNV rate to the regional rate that the county fell in. The WNV rate for 2012 (cases in 2012/population of county), as well as the binary value of zero (lower than regional 2012 rate) and one (higher than regional 2012 rate) were used as dependent variables in statistical tests described in sections below. Similar methodologies using binary values have been used previously to examine high/low WNV occurrence statewide in Colorado (Winters et al., 2008) and nationally/regionally (Sugumaran et al., 2009; DeGroote and Sugumaran, 2012) in the coterminous USA.
Spatio-temporal variables
Climatic, landscape, demographic and land use metrics per county were processed from a variety of sources and used as independent variables as described in sections below. Land cover class percentages per county were derived from the National Land Cover Database (Homer et al., 2007 ). An average hydric soils score (higher score represents a higher proportion of hydric or wet soils) as well as an average available water storage score for soils in each county was calculated based on the US General Soil Map downloaded from the Soil Data Mart (USDA, 2011). More detail on the derivation of the other demographic and land use variables is described in DeGroote and Sugumaran (2012) . Raster datasets (~4 km spatial resolution) from 2011 and 2012 representing total monthly precipitation, and average monthly minimum and maximum temperature for the coterminous USA were downloaded from the Oregon State University PRISM Climate Group (Oregon State University PRISM Group, 2013). Precipitation and temperature anomalies were calculated based on their departure from long-term average raster datasets from 1981-2010 from PRISM. The PRISM Climate Group produces these data using a climate-elevation regression method based on data points from more than 10,000 stations (Daly et al., 2008) . In addition to calculating monthly anomalies, aggregated time period anomalies were calculated from January to June, May to July, November 2011 to February 2012, and the entire year for 2011. Climatic parameters from 2011 were included as it has been demonstrated that antecedent climatic conditions can contribute to vector population levels and WNV dynamics in the following year (Chase and Knight, 2003; Landesman et al., 2007; DeGroote et al., 2008) . Climatic anomalies were calculated per county and per time period mentioned above and included in addition to the landscape, demographic and land use independent variables in statistical tests described below. This is the first time, as known to the authors, these types of data have been examined regionally for the entire coterminous USA in relation to WNV occurrence.
Statistical analysis
In order to test whether there was statistically significant spatial autocorrelation present within each region, a Global Moran's I statistic (Mitchell, 2005) was calculated for each of the eight regions based on the WNV rate for 2012. In order to visualise the pattern of clustering in WNV occurrence in 2012, two separate Anselin Local Moran's I tests (Anselin, 1995) were calculated. In the first instance, the WNV rate for each county was used in calculating the Anselin Local Moran's I. In the second Anselin Local Moran's I statistic calculation, the high/low binary WNV ranking per county in each of the eight regions were used as the variable of interest for the Anselin Local Moran's I. For both the global and local spatial autocorrelation operations, a contiguous neighbouring county spatial relationship was used as the conceptualisation of spatial relationship. This means that each county was compared to all counties that shared at least a partial border. Due to the evidence of spatial clustering within regions and for inclusion in the Poisson regression, an autoregressive variable was calculated for each county within each region. The autoregressive variable was calculated using the distance-weighted average method described in the autocovariate models section in Dormann et al. (2007) . A spatial weights matrix for each county was produced for each set of regional counties based on a contiguity edges conceptualisation of spatial relationships (Mitchell, 2005) . Thus, the autoregressive term was calculated for each county based on the WNV rates of neighbouring counties and based on the spatial weights matrix. If a county's neighbours had higher WNV rates, than that county would have a higher autoregressive term value. The autoregressive variable was considered as an independent variable in the Poisson regressions.
Two main sets of statistical tests were used to examine landscape, demographic and climatic relations with WNV occurrence in 2012. Spearman's rho correlation coefficient tests were used to examine a range of landscape, demographic and climatic variables and to identify variables for further consideration in building Poisson multi-variable regression regional models. Spearman rho correlation coefficients were calculated to examine the association between the binary regional rankings (per county whether above or below respective regional 2012 WNV rate) and the landscape, land use, demographic and climatic related metrics for each county. The 2012 WNV rates per county were not normally distributed with many counties having values of zero, ruling out the use of Pearson correlation coefficients. The marginal correlations were explored to determine which variables most significantly impact the WNV rate in each region. Spearman's rho is a rank correlation statistic, meaning that it calculates the usual (Pearson) correlation after separately ranking each of the two variables from one to the total number of observations. It is employed when one is concerned about the lack of normality of two variables, or more specifically, when outliers are present in the dataset.
Prior to creating regional Poisson regression models, Pearson correlation coefficients were calculated between the independent landscape, demographic and climatic variables in order to identify and eliminate collinear variables. The Pearson correlation coefficients were calculated between each pair of independent (climate, landscape, demographic) variables and those independent variables with coefficients greater than 0.75 were removed from the list of variables being further analysed in the Poisson regression. Previous studies have used a similar methodology (Diuk-Wasser et al., 2006; DeGroote and Sugumaran, 2012) to eliminate potentially redundant independent variables. After eliminating potentially collinear variables, the five climatic and five landscape, land use, and demographic variables with the highest Spearman rho correlation coefficients were organised for each region. Next, the impact of the collection of variables identified by the Spearman's rho correlation coefficients, were investigated jointly using a Poisson regression. A Poisson regression is similar to a normal ordinary least squares (OLS) regression but is appropriate for count data, especially when normality is lacking or more specifically when outliers are present in the data (Agresti, 2007) . Since the WNV rates are per capita counts, a Poisson distribution is the appropriate distribution for modelling these non-negative integers. Furthermore, a Poisson regression, which incorporates independent variables with a Poisson dependent variable, typically outperforms a normal OLS regression with count data (Agresti, 2007) . All statistical analyses were carried out using SPSS, SAS or the stats module from scipy software.
Results
The total number of counties, WNV cases, the WNV rates as well as the populations for each region are shown in Table 1 . The Southeast region had the highest number of cases while the Great Plains region had the highest WNV rate. The Northeast and Northwest regions had the lowest rates of WNV. Table 2 displays the results for each of the regional Global Moran's I statistic calculations based on the WNV rate. All regions demonstrated significant spatial autocorrelation except for the Rocky Mountain and Southwest regions. The results from the Anselin Local Moran's I calculations for the WNV rate carried out for the whole country is shown in Fig. 2 . The high rates in the western Great Plains region dominated with one large cluster spilling into the Eastern Great Plains region. The results created from running the regional Anselin Local Moran's I calculations for the regional high/low WNV rating is displayed in Fig. 3 Spearman rho correlation coefficients for the landscape, demographic and climatic variables in relation to high/low WNV ratings by region are presented in Tables 3-6. Table 3 demonstrates the correlation coefficients between high/low WNV occurrence and landscape, land use and demographic conditions. Only the 10 variables with the highest correlation coefficients and those that were significant (P ≤0.05) for each region are presented. In the Eastern Great Plains, forested areas were negatively associated with higher WNV incidence while row crops and minimum elevation were positively associated. Row crops, hydric soils and wetlands were associated with higher WNV occurrence in the Great Plains while grasslands and small grains were negatively associated. In the North Central region, high WNV ratings were positively associated with urban areas (population density, residential, all developed land), higher median income and Hispanic population percentage, while there were negative associations with mixed forest and higher median ages. In the Northeast region, there were negative associations with forested areas and higher elevations, while there were positive associations with higher incomes, higher population density, and wetlands/water land cover classes. In the Northwest region, irrigation, agricultural, grasslands, Hispanic populations and orchards were positively associated with higher WNV while forests were negatively associated. In the Rocky Mountains regions only five variables were significant, with irrigated crops, dairy cows, range in elevation and Hispanic populations being positively associated, while white population proportions were negatively associated. In the Southeast region pasture, higher available soil water, and younger, poorer and higher black populations were positively associated with higher WNV occurrence while irrigated crops, orchards and higher male population proportion were negatively associated. In the Southwest region populated areas, higher proportion black populations, soils that can hold more water, as well as row crops and pasture were positively associated with higher WNV.
The strength and direction of associations between precipitation anomalies and high/low WNV ratings varied between regions. In the Great Plains and Eastern Great Plains regions, above average precipitation in May, May-July, February, and January-June were positively associated with higher WNV occurrence. In the North Central region, the strongest associations were with below average precipitation in July and May-July and above average precipitation in the preceding winter. In the Northeast region, there were generally negative associations with precipitation, indicating WNV was higher in areas with lower than average precipitation. This was reversed for the precipitation from the previous year and June of 2012. In the Northwest region all time periods, excluding April 2012, had negative associations indicating the cases of WNV occurred in drier areas. In the Southeast region, which had the largest number of WNV cases, early year above average precipitation was strongly positively associated with the higher WNV while drier than average conditions in May and June were associated with higher WNV. In the Rocky Mountains region, there were no strong associations, while in the Southwest region, higher than above precipitation in November 2011 through February 2012 and in the first half of 2012 were associated with WNV occurrence.
In the Eastern Great Plains and Great Plains region, warmer than average maximum temperatures in the winter months (November 2011-February 2012) and early months of 2012 (January through April) were positively associated with higher WNV occurrence while higher minimum temperature anomalies in summer months were positively associated. In the North Central region, higher than average maximum and minimum temperatures in most time periods were associated with higher WNV occurrence especially in preceding winter and late spring/early summer months. In the Northeast region, warmer winter maximum temperatures and late spring/early summer higher minimum temperatures were significantly associated with the higher WNV ratings. There were strong associations between above average maximum winter temperatures and higher WNV occurrence in the Northwest region. The Rocky Mountains showed only statistically insignificant associations to climatic variables. Higher than average May and June maximum temperatures and higher than average winter minimum temperatures were associated with high WNV ratings in the Southeast region. No strong climatic associations were seen in the Southwest region. The Poisson regression analyses were used to consider landscape, demographic and climatic variables in single models in relation to the WNV rates per region. Table 7 presents results of the Poisson regression analysis, highlighting the significant contributing variables in each model. As seen in Table 7 , the largest amount of variation explained were: the Rocky Mountains, the Northwest, the Eastern Great Plains, the Great Plains, and the Southeast regions with 62.2%, 56.2%, 55.0%, 39.6%, and 36.1% of the deviance (variation) explained, respectively. The Northeast and the Southwest region had the weakest amount of deviance (14.3% and 12.0% respectively) accounted for. The spatial autoregressive variable was a statistically significant variable in five out of the eight regional Poisson regression models, indicating the importance of spatial autocorrelation. In general, the landscape, demographic and climatic associations were consistent with the results seen from the Spearman's rho correlation coefficients. Temperature variables were important in the Eastern Great Plain while in the Great Plains region row crops, shrubland, soils which could hold more water and emergent wetlands were all significantly positive terms. In the Southeast pasture, younger populations, and soils which could hold more water and high March precipitation were all positive terms while low precipitation in May was a negative term.
Discussion
Based on global and local clustering tests carried out nationally and regionally, there was evidence of spatial clustering of WNV in 2012. In Fig. 2 , the results from the Anselin Local Moran's I test (Mitchell, 2005) calculated for the national WNV rates demonstrated one large cluster centered in the eastern portion of the Northern Great Plains region. This region had the highest WNV rate (approximately twice as high as the next highest regional rate). The high WNV rates in the Northern Great Plains region likely dampened potential significant clusters from other regions as the Anselin Local Moran's I test considers the global population mean in its local calculations. States in the northern Great Plains have been shown to have high WNV rates with consistent spatial clustering, especially in eastern Colorado and throughout Nebraska, South Dakota and North Dakota (Wimberly et al., 2008; Sugumaran et al., 2009; DeGroote and Sugumaran, 2012) . South Dakota, in the Northern Great Plains region, has had the highest average incidence of WNV neuroinvasive disease in the USA since 2004 (Wimberly et al., 2013) . Using the high/low WNV rating per region, statistically significant spatial autocorrelation was demonstrated in six out of eight regions based on the eight regional Global Moran's I tests (Table 2 ). In addition, numerous clusters of high WNV occurrence were demonstrated by the Anselin Local Moran's I tests calculated with the high/low WNV ratings that were calculated on a region by region basis (Fig. 3) . Clustering of high WNV has varied geographically east to west and north to south during individual years (Wimberly et al., 2008; Sugumaran et al., 2009; Wimberly et al., 2013) . This geographical variation might suggest that annual climatic patterns could affect WNV transmission. Landesman et al. (2007) showed that annual precipitation from the previous year was positively associated with WNV in the eastern USA and negatively associated with WNV in the western USA from 2002 showed that WNV occurrence from 2004-2010 in the Northern Great Plains was sensitive to temperature variability in late spring and early summer as well as moisture availability from late spring to early summer. In 2012, higher late spring and early summer rainfall and higher minimum temperatures were associated with higher WNV in the Great Plains and Eastern Great Plains region. In a recent paper, Duggal et al. (2013) concluded that it was more likely that climate and other environmental or ecological factors drove the outbreak in Texas as opposed to potential viral genetic changes. The Southeast region had the highest number of cases in 2012 with large number of cases in Dallas, Denton and tarrant counties in Texas. A large cluster, centered on these counties in eastern Texas, and stretching through Louisiana and into Mississippi was evident. Sugumaran et al. (2009) demonstrated consistent clustering of high WNV occurrence in Louisiana and Mississippi. However, the large number of WNV cases and clustering in eastern Texas has not been seen previously. Cook County and counties around Chicago, as well as the area around Detroit, were shown as a cluster of high WNV incidence for the North Central region in Fig. 3 . These areas experienced high levels of WNV previously, especially in 2002 (Ruiz et al., 2007) . The clusters evident in western Texas and northern California are in counties with fairly low populations that have had sporadic higher WNV rates (Sugumaran et al., 2009 ).
An analysis of regional landscape and demographic associations with WNV occurrence were generally consistent with the likely dominant vectors for each of those individual regions and also with other studies from those regions. The Great Plains region was shown to have significantly positive associations between row crop areas, wetlands and hydric soils while being negatively associated with grasslands and small grains. Similar to findings in this paper, found, in South Dakota, that risk for WNV from 2003-2007 was generally higher in rural areas that were also close to wetlands or soils with higher ponding frequency. DeGroote and Sugumaran (2012) similarly found positive associations with emergent wetlands and weaker positive associations with cropped areas for high WNV incidence from 2002-2009. However, they found a strong positive association with herbaceous (grasslands) which was not found in this study. The clustering of higher WNV in the Great Plains in 2012 was primarily eastern part of the region where row crop agriculture is more prominent and this was likely driven by climatic patterns like wetter late spring in this part of the region and warmer winter temperatures. The Great Plains region defined in DeGroote and Sugumaran (2012) was equal to the Great Plains and Eastern Great Plains region used in this study. The Eastern Great Plains region had positive associations with row crops and higher elevations while also showing negative associations with forested areas, wooded wetlands, and higher number of cattle. The findings for the two Plains regions are consistent with the biology of the likely dominant vector, Cx. tarsalis, whose larval habitats include sunlit surface pools in open areas often near agricultural areas (Reisen, 1993) . DeGroote et al. (2008) demonstrated that the proportion of Cx. tarsalis as a proportion of all Culex mosquitoes grew in an east to west direction in Iowa. This supports the idea of the importance of this vector in the western portion of the Eastern Great Plains and into the Great Plains region. Higher rates of WNV occurred in western Iowa and Minnesota in 2012. Counties with Hispanic populations and with irrigated crops and dairy cattle were associated with higher WNV incidence in the Rocky Mountains which follows findings from DeGroote and Sugumaran (2012) . Higher WNV ratings were associated with rural irrigated agricultural conditions in the Northwest region in 2012 which was also consistent with DeGroote and Sugumaran (2012) . Interestingly, and supported by findings in this study, Crowder et al. (2013) recently reported that WNV infection in vectors (both Cx. pipiens and Cx. tarsalis) and hosts in the Northwest region were associated with orchards.
In the North Central region, positive associations with high WNV occurrence were seen with developed areas with higher incomes, while negative associations were seen with forested areas. In Detroit and Chicago, Ruiz et al. (2007) found WNV to be located in the inner suburbs with 1940-1960 era housing and moderate housing density. Although none of the associations were strong in the Northeast region, they were similar to the North Central region with positive associations with higher income developed areas and wetland areas and negatively associated with forested areas. Liu et al. (2009) reported, for a multi-year analysis in Connecticut, that residential and commercial areas were associated with WNV. In both the North Central and Northeast regions, Cx. pipiens, an urban/suburban mosquito, is considered the primary vector (Andreadis et al., 2004; Ruiz et al., 2004) .
In the Southeast region, pasture, soils with high available water storage, cattle, and younger, poorer, and black populations were positively associated with high WNV occurrence. Similarly, DeGroote and Sugumaran (2012) found more poorly drained soils, higher poverty percentages, higher black percentages, and higher under 18% were associated with WNV incidence in this region. The regional association with higher poverty percentages might be explained by the fact that poorer households are likely to have less secure homes potentially without air-conditioning which would make them more susceptible to indoor biting from Cx. quinquefasciatus mosquitoes. Other studies have examined socioeconomic vulnerability factors to mosquito-borne diseases, such as Hagenlocher et al. (2013) for dengue fever in Cali, Columbia. At a larger or more detailed scale, Chuang et al. (2013) found that around Dallas, Texas that census tracts with higher property values, housing density, and unoccupied homes were positively associated with WNV occurrence in 2012. Nolan et al. (2012) found living near slow moving water sources was statistically associated with increased odds for human infection in the Houston, Texas area. Eastern Texas, which was part of a distinct cluster in 2012, has a significant amount of pasture land, which might have organically enriched standing water, outside of urban areas which might help to explain the strong positive association in 2012. The likely dominant vector in this area, Cx. quinquefasciatus, are found in habitats that include water with high organic content found in urban and peridomestic habitats and tend to bite indoors (Hribar et al., 2001; Reisen et al., 2008) . The large number of unoccupied properties in higher income areas in and around Dallas possibly, as mentioned by Chuang et al. (2013) , have unmaintained swimming pools that could serve as high organic water breeding sites for Cx. quinquefasciatus.
Climatic associations varied across regions and time lags. In the Southeast region, winter to spring precipitation (November 2011 to February 2012 and March and April 2012) were positively associated with higher WNV while precipitation from May to July and the previous year's precipitation were negatively associated. Higher maximum temperatures from January to June and May to July were also associated with counties with high WNV ratings. The Poisson regression model for the Southeast included the abnormally high March precipitation as a strong predictor of higher WNV rates, indicating that climatic patterns contributed to the surprisingly strong outbreak in parts of this region. Similar to this study, showed that high precipitation from January-March and higher January to June temperatures were associated with the two largest WNV outbreaks (2006 and 2012) in Dallas county, Texas. These findings imply that early winter and spring rains followed by high temperatures in early summer led to conditions favourable to WNV transmission in this region. In 2012, the January to April higher than normal rainfall could have created standing water that was still present when the hotter temperatures came. The longer these standing water bodies lasted, the more enriched with organic material they would have become, providing excellent larval habitat for Cx. quinquefasciatus mosquitoes and potentially greater interaction between vectors and bird hosts. Similar to the present study, Wang et al. (2010) discovered an inverse relationship between human WNV incidence and rainfall from the previous year in Mississippi. In the Great Plains and Eastern Great Plains, greater precipitation in January through June (exception March) and higher average maximum temperature anomalies through April were positively associated with high county WNV ratings. Similarly, found that early spring temperatures may be particularly important for virus amplification in the Northern Great Plains in addition to moisture availability in late spring and early summer. Bell et al. (2006) reported that low temperatures in spring and summer led to insufficient time for virus amplification cycles and low WNV incidence in the Red River Valley in North Dakota and Minnesota. In the North Central region, generally higher winter (November 2011 -February 2012 , spring and early summer average minimum and maximum temperatures were associated with higher WNV ratings while precipitation in early summer (May-July) was negatively associated with higher WNV. In Indianapolis from 2002-2007, low precipitation and warm temperatures were associated with more WNV cases (Liu et al., 2008) . In the Northeast region, precipitation was generally negatively associated with WNV ratings while early summer average minimum temperatures were positively associated. Liu et al. (2009) found preceding 30 day temperature to be a significant predictor of human infection risk in Connecticut. In the Northwest region, precipitation was negatively associated with higher WNV occurrence in all time periods except April. Average maximum temperatures in the preceding winter, February, and early summer time periods were positively associated with higher WNV. Crowder et al. (2013) found precipitation to be associated with fewer WNV infections in mosquitoes in Washington, Oregon, and southwestern Idaho, while temperature did not have any significant associations. The western part of the Northwest region can be very wet and it is likely that the drier eastern agricultural parts of the region favour transmission by Cx. tarsalis mosquitoes.
The WNV outbreak of 2012 came as a surprise after several years of relatively few cases throughout the USA. This study demonstrated that there were clear clusters of high WNV occurrence with two large clusters being seen in eastern Nebraska, South Dakota, and North Dakota and western Minnesota and in eastern Texas, Louisiana, and Mississippi. This study highlighted potential drivers of these outbreaks, including the large outbreak in the Southeast region being possibly driven by high winter and spring precipitation followed by drier and hotter than normal conditions in the summer. The regional climatic, landscape, and demographic associations with WNV ratings in 2012 were consistent with previous studies for individual regions and also consistent with the ecology of the potentially most important mosquito vector for each region. The regions used in this study were fairly large in area and the ecological dynamics likely vary within these regions. It might be useful to further subdivide the regions for more detailed analysis. However, that type of study would require more detailed spatial data on WNV incidence that is not generally available. Also there are many areas of the country in which two vec-tor species with somewhat conflicting habitat preferences are present. In a study such as this it is difficult to considering local vector dynamics and how they might change in a given year. In addition, there were important factors that might help to explain variation in WNV occurrence that could not be considered in this study due to lack of available data. These factors include, but are not limited to, levels of immunity in host and human populations and spatial patterns of the presence and abundance of potential hosts. For the coterminous USA, our regional study has provided valuable insight into the influence of climate, landscape, and demographic conditions on occurrence of WNV in 2012 which can help inform future studies at various scales.
